Membrane Computing is a new paradigm inspired from cellular communication. Until now, P systems have been used in research areas like modeling chemical process, several ecosystems, etc. In this paper, we apply P systems to Computational Topology within the context of the Digital Image. We work with a variant of P systems called tissuelike P systems to calculate in a general maximally parallel manner the homology groups of 2D images. In fact, homology computation for binary pixel-based 2D digital images can be reduced to connected component labeling of white and black regions. Finally, we use a software called Tissue Simulator to show with some examples how these systems work.
Introduction
Natural Computing studies new computational paradigms inspired from Nature. It abstracts the way in which Nature "computes", conceiving new computing models. There are several fields in Natural Computing that are now well established. To mention a few of these, Genetic Algorithms introduced by J. Holland [22] which is inspired by natural evolution and selection in order to find an optimal solution in a large set of feasible candidate solutions; Neural Networks introduced by W.S. McCulloch and W. Pitts[24] which is based on the interconnections of neurons in the brain; or DNA-based molecular computing, that was initiated when L. Adleman[1] published a solution to an instance of the Hamiltonian path problem by manipulating DNA strands in a lab.
Membrane Computing 1 is a theoretical model of computation inspired by the structure and functioning of cells like living organisms able to process and generate information. The computational devices in Membrane Computing are called P systems. Roughly speaking, a P system consists of a membrane structure, in the compartments of which one places multisets of objects which evolve according to given rules. In the most extended model, the rules are applied in a synchronous non-deterministic maximally parallel manner, but some other semantics are being explored. Ever since the seminal paper [29] was introduced, different models of P systems have been studied. According to their architecture, these models can be split into two sets: cell-like P systems and tissue-like P systems [33, 7] . In cell-like P systems, membranes are hierarchically arranged in a tree-like structure. The inspiration for such architecture is the set of vesicles inside the cell. All of them perform their biological processes in parallel and life is the consequence of the harmonious conjunction of such processes.
This paper is devoted to the second approach: tissue-like P systems. According to the architecture, the main difference with cell-like P systems is that the structure of membranes is defined by a general graph instead of a tree-like graph. These models were first presented by and it has two biological inspirations (see [26] ): intercellular communication and cooperation between neurons. The common mathematical model of these two mechanisms is a network of processors dealing with symbols and communicating these symbols along channels specified in advance. The communication among cells is based on symport/antiport rules. This way of communication for P systems was introduced in [31] on the basis of the communication between cells. Symport rules move objects across a membrane together in one direction, whereas antiport rules move objects across a membrane in opposite directions.
On the other hand, homology groups related to the "different" n-dimensional holes (connected component, tunnels, cavities,...)are invariants from Algebraic Topology which are frequently used in Digital Image Analysis and Structural Pattern Recognition. In some sort, they reflect the topological nature of the object in terms of the number and characteristics of its holes. In a binary 2D image, the computation of homology groups can be reduced to a process of black and white connected components labeling. The different black connected components are the generators of the 0-dimensional homology group which is the "black" part of the image. On the other hand, the closed "black" curves surrounding the different white connected components of the image are the generators of its 1-dimensional homology group.
J. Chao and J. Nakayama connected Natural Computing and Algebraic Topology using Neural Networks[4] (extended Kohonen mapping). Moreover, the idea to relate P systems and image processing already appeared in [3, 6] . Here, we use for the first time, the power and efficiency of a variant of P systems called tissue-like P systems [8, 9] to calculate the homology groups to binary pixel-based 2D images. The parallelism is massive in this model (see [20, 23] ), so the time used to obtain the homology groups does not depend on the number of black and white connected components, but only on the thickness of them.
The paper is structured as follows: in the next section we present the definition of basic P systems with input. In Section 3, we design two systems for calculating H 0 and H 1 for any binary pixel-based 2D digital image (having n × n pixels) and we show how both systems calculate the homology groups to two specific
